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Pivoting optical device 



The invention relates to an pivoting optical device of the type referred to in the 
preamble of claim 1. 

Pivoting optical devices of tiiis kind may be used for example to scan a surface 
of a substrate witii an optical probe in a direction generally parallel to the substrate surface 
5 and in a direction perpendicular to the substrate surface. Optical devices of the kind referred 
to above are also used for example in optical disc s^paratus to read and possibly record 
information from/into an optical disc, but could also be used with barcode readers, measuring 
equipment, etc. 

Japanese document JP-2001 357 547 A discloses an pivoting optical device of 

10 the kind referred to above for scanning optical discs. The device comprises a swing arm 

which is pivotally movable about a swing axis near one of its ends, an optical focussing unit 
being provided at the opposite free end. The optical focussing unit comprise optical lens 
means which are axially movable relative to the swing arm structure to provide a focussing 
function. Optical elements are located in the swing arm providing an optical path from a 

15 semiconductor laser diode to the optical focussing unit and back to an optical sensing device. 

According to the cited JP document, the laser diode may be provided in the 
swing arm itself near the swing axis. As an alternative it may be provided in a separate 
stationary structure apart from the swing arm itself. The preamble of CTLclosed claim 1 refers 
to the latter kind of solution. In the above cited Japanese docimient the said separate structure 

20 is located over the pivoting end of flie swing arm and the laser diode is positioned such that 
the laser beam emitted from the laser diode is directed along the swing axis, a reflecting 
optical deflection element being provided in the swing arm to deflect the laser beam in the 
direction of the optical focussing unit at the free end of the swing arm. 

Providing the diode laser in the swmg arm itself presents the obvious 

25 disadvantages of increased swing arm mass, not only of the diode laser proper but also its 
mount and the unavoidable connectiBg leads. A major problem also is the heat generated by 
the laser diode. In some cases, such as in swing arm devices for optical disc drives, providing 
sufficiCTit cooling of the pivotable moving second part may be impossible which will 
ultimately lead to the destruction of the laser diode. Even when sufficient cooling may be 
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provided, the resulting thermal load has a negative impact on the geometric stability of the 
swing arm structure as a whole and the relative positions of tiie optical elements present in 
the swing arm. 

Providing the diode laser as a separate stationary unit in accordance with the 
above cited Japanese document increases the overall axial dimensions of tiie optical swing 
ann arrangement as a whole. The optical deflection element which is needed still adds to the 
mass of the swing arm. Tho means for moving the optical focussing elements of the optical 
focussmg unit means also increase the movable mass of the swing ann. 

The problems of the prior art indicated above interfere with the ever ongoing 
trend for miniaturization which can be observed in the industry and more particularly in the 
areas of information technology and communication technology. 



20 



25 



30 



It is therefore an object of the invention to provide a novel and useful optical 
device of the kind described in the intiroduction which is highly suitable for miniaturization 
and needs fewer optical elements by combining the features defined in claim 1. m this way 
the overaU axial dimensions of the optical unit are reduced. The optical deflection element 
discussed above is not needed. 

The invention may be advantageously used in a pivotal optical device 
according to claim 2. This embodiment is indicative for the versatility of the invention which 
may be used in optical devices of a more compUcated nature exhibiting combined pivotal 
movements. 

A preferred embodiment of the invention is defined in eWm 3. Bearing means 
of gmibal t>pe are Ughly suitable for the optical device of fte invention. Tbo intermedi«e 
par, may provide an open central part of dimensi™^ wMch may be conveniently mat*ed to 
the dimensions of the laser diode and its mount, wift«,t impacting on the dimensions of the 
second pivotaUy movable part of the pivoting optical device. 

An embodiment of the tovention is preferred in accordance with claim 4 
Many semiconductor lasers, if not most, exhibit a fir field of generaUy oblong shape, due to 
«M ^ydcal nature of the semiconductor element emitting the laser beam. As an example 
n^rence is made to a specification sheet regarding the NDHV3 lOAA high power viole, laser 
drode available ftom Nichia Europe B.V.. a company with offices in Amsterdam The 
Nea^rlands, exhibiting a dimensional ratio between .he shorter axis and the longer axis of 
"BHOXimately 1 :3. Many pivoting opUcal devices which pivot m two mun«Ily pe^eadicular 
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directions do so with a larger amplitude in one direction and with a smaller amplitude in ttie 
other direction. The generally oblong nature of thte far field pattern of the semiconductor 
diode laser, in many cases regarded as an unfortunate characteristic, may be completely 
compatible with the operation of the optical device according to the invention by a judicious 
5 orientation of the far field pattern relative to the first and second pivoting axes of the device. 

A further embodiment of the invention is defined in claim 5 in which the 
coUimating lens, used to coUimate the laser beam and often present in optical devices of the 
kind wherein the invention may be used, is strategically placed relative to the laser source so 
that no room is wasted. If the laser source exhibits a generally oblong far field pattern^ an 
10 embodiment may be used in accordance with claim 6, to ensure that the collimator lens is 
always witihin the far field pattern of tiie laser beam. 

A highly practical embodiment of the invention is defined in claim 7. A swing 
arm device having a rigid swing arm structure which may pivot in two mutually orthogonal 
directions is described in Applicant's copending patent application filing nr. 027888 1 .6, filed 
15 on 1 9 September 2002 but not published prior to the priority date of the present application, 
the contents of which are hereby enclosed by reference. 



The objects and features of the invention will become more apparent by 
20 referring to the following non-limiting description of a preferred embodiment given with 
reference to the accompanying drawings in which: 

Fig. 1 is a schematic perspective firagmentary view of a pivotal optical device 
in the form of a swing arm device for use in an optical disc drive according to the invention. 
Fig. 2 is a firagmentary side elevation view in cross section illustrating a detail 
25 of Fig. 1 on an enlarged scale. 

Fig. 3 is a diagram showing in plan view the relation of the dimensions of a 
collimator lens of the optical disc drive of Fig. 1 and a laser diode far field pattern in which 
the collimator lens moves, 

Fig. 4 is a fragmentary perspective detailed view of parts of an alternative 
30 embodiment of the device of Fig. 1 and 

Fig. 5 is a view similar to Fig. 3 of an alternative embodiment of the invention. 
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Tbc drawings are of a scbmmc nature and intended fer illustration purposes 
only. Tl.e details in the figures are d.™™ to an arbitn^ scale wUoh may be different from 
the overall scale. The san» components are indicated by the same n,ference number 
■hroughout the flgm^. Components and assemblies which may be configured according to 
principles which are basicaUy knovm from the prior art will not be discussed in detail. 

Referring to Fig. 1. a pivoting optical device is shown in the form of an optical 
ZtZmTl'^'^ ^-.osedin AppUcanfs copending patent appUcation. fllingnr. 
02078880.8 filed on 19 S^lember 2002 but not published prior to the priority dale of the 
present apphcation and incorporated herein by reference. The optical disc drive of Fig 1 
compnses a base plate 1 supporting a spindle motor 3 for rotating an opdcal disc 5 about, 
spmdle axis 7. the optical disc 5 comprising an infi»mation surface 9 at its lower side A 
peripheralouter surface U of the spindle motor 3 has a pivoting c^cal device 13 at^iched to 

.t,spaoedflomthebasepWel.Bcomprisesafirstp.x.genemUydenotedby,he.,ference 
number 15 and a second part generally ducted by 4e reference number 17 with optical 

15 means and pivotaUymovablerelaave to the firatpar. 15 about a first pivot axis 19, the said 
optical means defining an optical laser beam path 21, the general direction of which is 
^lically indicated by a dashKio. line and e««rds in a,e general longitudinal direction of 
fte second element 17. Bearing means, generaUy denoted by the reference number 23 are 
provided comprising the first pivot axis 19, as well as a point laser source 25 fixedly ' 
20 comrected to the first part 15 for providing a laser beam 27 (see Fig. 2) in the general 
direction of the said second part 17. 

The laser source 25 is located on the said optical laser beam path21 in the 

general longitudinal direction of the second part 1 7 and the bearing means 23 presents an 

open center region 29 so as to allow the laser beam 27 to nfl«« fw>r« i 

^1 to pass trom the laser source 25 to the 

^5 second pivotally movable part 1 7. 

The second part 17 is also pivotally movable relative to the first part 1 5 about 
asccondpivot axis 31 substauHallyorthogonaUy intersecting the firs, pivot axis 19 at apoin, 

of mtersecdonP.the laser source 25 being located at the point ofintersectionPofflre said 
mtersecting first and second pivoting axes 19,31. 

30 "^"^^S "^^23 is ofthegimbal type, comprising an intennediate 

beanngelement33 which ispivotallysupported by the firstpart 15 and which in turn 
pivotally supports Ihe second part 1 7. the said point of intersection P being located at the 
center pomt of the intermediate bearing element 33. 
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The laser source 25 is a semiconductor diode laser unit of a type known per se 
exhibiting a far field radiation pattern 35 (see Fig. 3) in a generally transverse cross section of 
the radiation beam 27 of generally oblong shape with a longer pattern axis 35L and an 
orthogonal shorter pattern axis 35S. The semiconductor laser diode 25 is arranged such that 
5 the longer pattern axis 35L is generally parallel to the second pivotal axis 3 1 and the shorter 
pattern axis 35S is generally parallel to the first pivotal axis 19. 

The optical means of the second part 17 comprises an optical collimating 
means in the form of a collimating lens 37 at the point of entry of the laser beam 27 emitted 
by the diode laser 25 into the second part 17. The collimating lens 37 is wholly positioned 

1 0 within the generally oblong far field pattem 35 of the semiconductor diode laser 25 in all 
operational pivotal positions of the second part 17. 

The pivoting optical device described so fer is a swuig arm device for 
supporting an optical focussing unit 39 near its firee end 41 for reading/recording information 
firom/in the information surfacp 9 of the optical disc 5 disposed on a rotating spindle 43 of the 

1 5 spindle motor 1 1 . The second part 17 is a rigid swing arm for pivotal scanning movements 
about a swing axis being the pivot axis 19 and for pivotal focussing movements about a 
focussing axis being the second pivot axis 31, substantially orthogonally intersecting the 
swing axis at P for moving the optical pickup unit 39 in substantially orthogonal scanning 
and focussing directions F and S respectively, relative to the information surface 9 of the 

20 optical information disc 5. The longer pattem axis 35L (Fig. 3) of the far field pattem 35 is 
generally parallel to the focussing axis 31 and the shorter pattem axis 35 S of the farfield 
pattem is generally parallel to the swiug axis 19. 

The embodiment of the swing arm device shown in Fig. 1 is of a type in which 
the second part is a rigid swing arm structure which pivotally moves as a whole about the 

25 swing axis 1 9 and the focussing axis 3 1 . Too enable these pivotal movements, magnetic 
scaiming and focussing means are provided comprising the first part 15 which is of 
magnetically pemieable ntiaterial and acts as a stator stracture and a number of movable 
magnetic coils 45;47A3 which are provided at the firee end 41 of the swing arm stracture for 
scanning and focussing respectively. The movable magnetic scanning coil comprises a 

30 cylindrical scanning coil 45 having a generally rectangular shape in cross section and having 
a central opening 49. The movable focussing coils are two substantially identical cylindrical 
focussing coils 47A,B respectively having a generally rectangular shape in cross section. The 
scanning coil 45 has been bonded with an outer side surface against the fi-ee end 41 of the 
swing arm stracture 17 in a position with its central axis generally parallel to the scanning 
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•^'^Sota,,mingmnstn^,,^^M.,^^^^^i,,^^ Each 
feo».smg ooU 47A3 to been bond«l « a p« of its outwaxdiy feeing axial end surface 
agan^t an onter side auxac. of the scanning coil 45 which Is remote fiom the swing atm 

5 47A3 bemg disposed in the way generally shown in Fig 1 . The tot part 15 snpport. 

stauon^ magne«c means comprising an elongate pennanent magnet means 51 ftdng and 
^ flom the focussing coils 47A.B by an air gap. The magnetically penneable stator or 

topartlShaastatorpartSS passing through thecentralop^ring 49 ofthesc«mingcoil45 
w.thp,ay, *epe„nanentmas.etmeana53 bemg magnetically polari«d in a radial direction 
» rdanveto ^eswngaxis 1 9 of the swing arm sn^ or second part 17, fl„ a™.gemen. 

bemg such thatasubstantianyradianydirectedpem^nent magnetic field is set npLthe 
a.r gaps which are p.«en.be,w«» the scanningcoil 49 andthestatorpar, 53 and 

With the spindle motor 3. 

;^'«*^'=»«'5-<i™PP<«ingportionsofthegimbaltypebearingmea^ 
23 are mtegrated mto a combined unit. This combined unit is made ftom a suitable 

magn^caUy p«meable material such as soft i™ and comprises a temporarily .movable 
part a« part 53. to enable insertion in the central opening 49 of a,e scanning coil 45 TT,e 

combmedn«i,ispn™dedwi,hanintercom,ectingsupportingbeampart55car,yi„g',be 

b^nmgmeans 23 near its free end and may be comprisedofastack of stator laminations 
which may be integrated with the motor stator of the spindle motor 3 

F.g, 1 be foundmtte previously mentioned patent application, filing nr. 020788808 
* . ""^ ' ''"^ secondpar, 15 is genenOly U-shaped in plan view a. 
flee end 57, comprising two legs 59,61, respecdvely. and a oom>ectingp<« 63. Pivoting 
pms 65,67. respectively. pivotaUy support the intemiediate part 33 in the legs 59 61 
respeoHvely.Innnn. the secondpartlSispivotaUy carried bytheintem^^^ 

31bynvopn,o.mgpins 69.71. respectively (Fi^ 2). lie diodelaser is msertedmamatching 

openmg«fl«com^part63ofa„U^endpar.offl,esecondpar.,5msncha 
way^ the a.*ve diode surftce (not shown) which is housed inside a laser beam transparan, 
pn..ect.on cap 73 emrttng the laser beam 27 is simated a. the pom. of fatersection P of L 
swmg axis 1 9 and the focussing axis 3 1 of the second part 1 7. 

lnFig.3 «P«'j«=tionofthecommatinglens37isshownasacircnlarshaded 
area, projected onto the local fi,r field pattern shown as a diflferently shad«i area in a 
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projection plane orthogonally passing through the plane of the collimating lens 37. In all 
operational positions of the swing arm device 13 of Fig. 1 swinging about the swing axis 19 
and the focussing axis 31, the collimating lens 37 remains within the boundaries of the far 
jSeld pattern 35. The focussing amplitudes of swing arm devices for optical disc drives being 
5 much smaller than the swing amplitudes, a far field pattern of oblong shape or generally 
unidirectionally extended shape dppesxs to be highly suitable in a pivoting optical device for 
optical disc drives. 

Fig,4 demonstrates that with bearings of the gimbal type suitable for the 
invention the intermediate part need not be circular as in Fig. 1. A pivoting optical device 76, 

10 only a part of which is schematically shown, comprising an intermediate part 75 of generally 
square shape is shown, pivotally supporting a second part 77 by means of two pivot pins 
79,81 and provided with two further pivot pins 83,85 for cooperation with a first part (not 
shown). It will be appreciated that intermediate parts of any suitable shape may be used for 
the purposes of the invention. 

15 To illustrate that other suitable bearing means may however be used, 

depending on the nature of the application and the structure of the pivoting optical device, 
Fig.5 schematically shows a detail of an optical device 86 of a different kind, comprising a 
first part 87 and a hollow tubular second part 89. The bearing means is a spherical bearing 
arrangement 91 of swivel joint type comprising a partly spherical movable bearing part 93, 

20 omnidirectionally rotatably restrained in a matching outer stationary part 95 connected to 
base plate 97. The hollow tubular first part 89 penetrates the spherical part 93 so that an 
opening 99 in the first part is exposed on a side of the spherical part opposite to the side 
facing the major part of the first part. A point radiation source is supported on a stationary 
mount 101 facing the opening 99 and penetrating it sxich that the active part of the point 

25 radiation source is located on the point of intersection Q of two orthogonal pivot axes 1 03 
and 105 of the bearing means 91. 

While several embodiments of an optical disc device according to the 
invention have been described, it will be appreciated by persons skilled in the ait that the 
invention is not limited by what has been particularly described and shown above. Many 

30 modifications are possible without departing from the inventive concepts herein, all 

comprising the main feature of the invention, which is that in a pivoting optical device a laser 
soxurce is located on an optical laser beam path in the general longitudinal du*ection of a 
second part and bearing means present an open center region so as to allow a laser beam to 
pass firom a laser source to the second pivotally movable part. Different designs of bearing 
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means nmy be used or designed, for example comprising flexible pivotelements^^^^^ 
m addition to mutually movable pivot elements. 
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CLAIMS: 



1. 



Pivoting optical device, comprising: 



- a first part, 

- a second part with optical means and pivotally movable relative to the first 
part about a first pivot axis, the said optical means defining an optical laser beam path in the 

5 general longitudinal direction of the second element, 

- bearing means comprising the first pivot axis, 

" a point laser source fi^cedly connected to the first part for providing a laser 
beam in the general direction of the said second part, 
wherein: 

10 - the laser source is located on the said optical laser beam path ia the general 

longitudinal direction of the second part and 

- the bearing means presents an open center region so as to allow a laser beam 
to pass from the laser source to the second pivotally movable part. 

15 2, Pivoting optical device according to claim 1 , wherein the second part is also 

pivotally movable relative to the first part about a second pivot axis substantially 
orthogonally intersecting the first pivot axis at a point of intersection^ the laser source being 
located at the point of intersection of the said intersecting first and second pivoting axes 

20 3. Pivoting optical device according to claim 2, wherein the bearing means is of 

the gimbal type, comprising an intermediate bearing element which is pivotally supported by 
the first part and which in turn pivotally supports the second part, the said point of 
intersection being located at the center point of the intermediate bearing element. 

25 4. Pivoting optical device accordmg to claim 2 or 3, wherein: 



exhibiting a far field radiation pattern in a generally transverse cross section of the radiation 
beam of generally oblong shape with a longer pattern axis and an orthogonal shorter pattern 
axis and 



- the laser source is a semiconductor diode laser unit of a type known per se 
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- wherein the semiconductor laser diode is arranged such that the longer 
pattern axis is generally parallel to one of the first and second axis and the shorter pattern 
axis is generaUy parallel to the other of the Srst and second axis. 

5. Pivoting optical device according to any of claims 2-4, wherein the said 
optica means of the second part comprises optical collimating means at the point of entry of 
a radiation beam emitted by the laser source into the second part. 

6. Pivoting optical device according to claims 4-5. wherein the collimating 

me^ is whollypositioned within the generally oblong far fieldpatteniofthesemico^^^^^ 
diode laser in all operational pivotal positions of the second part. 

7. ^^°^S°P*i^^d«viceaccordingtoclaims4-6,whereinthepivotingoptic^ 
device IS a swing arm device for supporting an optical focussing unit near its fiee end for 
x^g/recording information from/in an information surface of an optical disc disposed in 

an optical disc ^aratus, the second part beingarigid swing arm for pivotal scanning 
movements about a swmg axis and for pivotal focussing movements about a focussing „ 

substantially orthogonaUyintersectmg the swing a^^^ 

fliei^f m substantially orfliogonal scanning and focussing directions respectively relative to 
the information surface of the optical infonnation disc, and wherein- 
■ the longer pattern axis of the far field pattern is generally parallel to the focussing axi 
- the shorter pattern axis of the farfield pattern is generally parallel to the swing axis 



axis 



axis and 
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ABSTEL^CT: 



Pivoting optical device comprising a first part (15) and a second part (17) with 
optical means which is pivotally movable relative to the first part about a first pivot axis (19), 
the said optical means defining an optical laser beam path (21) in. the general longitudinal 
direction of the second element and fiirther comprising bearing means (23) comprising the 
5 first pivot axis and a point laser source (25) fixedly connected to the first part for providing a 
laser beam in the general direction of the said second part. 

According to the invention the laser som'ce is located on the said optical laser 
beam path in the general longitudinal direction of the second part and the bearing means 
present an open center region (29) so that a laser beam is allowed to pass firom the laser 
1 0 source to the second pivotally movable part. 



Fi&l 




Fig.1 
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